Introduction
An Engineering curriculum is a continuously improving framework where the assessment of outcomes set path for further modifications to achieve the ideal result. The curriculum design is based on sound educational principles for giving students necessary fitness to solve the real world problems. For Outcome Based Education (OBE) to be a success in true measures, both the students and instructors must understand that higher education is not a unilateral mode where the textbook language is the only way to learn. Education in tertiary institutions should be more engaging and bilateral where the students develop the understanding on their own. Curriculum design plays a vital role in achieving such result. This paper proposes one such approach of curriculum design elaborating the design procedure with a case study. The paper brings out some of the interesting statistics about the outcomes achieved by implementing the proposed method. The case study discussed involves the exclusive set of rubrics developed as a measure of outcomes achieved and the computations of course outcomes providing weighted measures for different stake holders.
OBE, Curriculum Design, COs, POs OBE is an approach to education in which decisions about the curriculum are given by the exit learning outcomes that the students achieve at the end of the course. By taking a look at the traditional undergraduate education system present as on today, it is found that the system is not effective as students are not industry ready and lack in professional skills, soft skills, personality and leadership skills. Keeping the performance of the students in focus, colleges and universities around the world are moving towards adopting OBE.
One of the major issues in OBE is the effective curriculum design that provides experiential learning. Effectiveness of any curriculum can be measured by the process of teaching-learning and assessment of what students can actually do (i.e., learning outcomes), after they are taught. The OBE mainly attempts to adopt learning outcomes of the students in terms of knowledge, skills, attitudes and values that match the immediate social, economic and cultural environment of society. According literature survey made, there are three broad types of OBE: -Traditional OBE which measures the learning outcomes in terms of students' mastery of the established curriculum.
-Transitional OBE which measures the learning outcomes of students in terms of generic or higherorder competencies such as critical thinking, problem [1, 2] .In the UK in 1993 the General Medical Council (GMC) published its recommendations for undergraduate medical education [2] . In recent years with the developments in semiconductor technology and computing technology the same need has been sensed in the field of Engineering also in different nations [3] .
This paper presents the method followed for OBE based curriculum design with a case study where Instrumentation Technology program for under graduate study has been taken up. While designing the curriculum, an approach of forming course streams has been followed to cover the essential courses to be included under the specific program. Further, study includes analysis of designed POs in terms of their achievements through the attainments of course outcomes included in each stream. To compute the course attainments, both direct and indirect attainment tools have been developed.
To show case the method adopted in OBE, the results of attainment of POs pertaining to two courses have been considered. The same procedure may be followed for other courses structured in the curriculum. Both direct and indirect assessment methods have been taken up to measure the level of PO attainment and intern the success rate of the curriculum design The paper is organised as follows. Section II gives the details about the steps followed while arriving at POs using the GraduateAttributes (GAs) pertaining to the curriculum structure under study. Section III provides the curriculum streams designed for the programme keeping attainment of the POs in focus. The procedure adopted for PO attainment through computation of course attainments is the subject matter of section IV. It gives the case study examples with the POs attained. The impact of PO attainment is discussed in section V as conclusion.
Defining the Program Outcomes mainly involves the following steps: holders and the general steps followed in arriving at the POs while designing the curriculum in the current case study. With respect to OBE, Programme Outcomes (POs) become the resultant of the steps followed. POs for any programme are set of abilities which the student shall accomplish from the entire programme and are derived from the industry requirements and the society as the major focus. The defined POs are also aligned to the Graduate Attributes standards specific to the Engineering curriculum and as listed in Table 2 . The POs are grouped together to substantiate the PEOs. The correlation between the PEOs and POs are shown as the levels of agreements. The POs are designed based on the Graduate attributes, PEOs and inputs from Professional bodies. The correlation between the PEOs and POs are shown as the levels of agreements. As the POs are expected to attain by the graduates and PEOs are expected to attain few years after graduation, they have as many contributions. Each Program Outcome is contributing to one or more PEOs. 
Structuring The Curriculum Design Table 4 COs of Microprocessors
Once POs have been clearly defined, a system level design has been developed in which course stream formation; content delivery and evaluation are considered to be main aspects. The POs are achieved through curriculum which offers a number of courses as well as elective courses. The courses offered could be broadly classified as Basic Sciences, Engineering Sciences, Core Engineering, Humanity and Social sciences, Electives and Project work. The present case study considered involves the curriculum design in Instrumentation Technology. This curriculum has 30% weightage on basic and Engineering Sciences, 40% weightage for core engineering courses while 20% for electives and 10% weight for Humanities, Social sciences and project work. The designed curriculum is grouped mainly into six streams. Two examples of course streams have been depicted in Fig  2 and Every course structured in the curriculum will have course outcomes (COs) which are priorly defined. Table 3 and Table 4 indicate the COs of two different courses defined in two streams. The COs are the outcomes that a student is expected to achieve after learning the course.
For example, this paper takes up two case studies of Field Theory and Microprocessors. Under the transformational or rigorous OBE, curriculum, teaching and assessment are developed jointly by all stakeholders -students, employers, faculty staff, alumni and community. Each student's needs and learning outcome are accommodated in this approach through multiple instructional strategies and assessment tools including assignments, projects, oral presentation, traditional tests and the totality or portfolio of the student's work. Common teaching and learning methods include interactive lecture, casebased learning, problem-based learning, simulation, role play; online tutorials, self-directed learning, experiential learning, laboratory work, fieldwork, peer tutoring; together with a choice or combination of different assessment methods such as objective tests, case studies, essay questions, projects, end-ofchapter type problems, reflective journals, seminar presentation, portfolio, examinations, and peer and CO1:Apply knowledge of digital Electronics, identify various functional blocks of ,microprocessor and its interconnection to peripherals in f orming a microcomputer based system(PO1,PO2) CO2:Using standard programming structures, develop assembly language programs to solve reasonably complex problems and implement the same on a standard assembler(PO3,PO4,PO6) CO3: Design memory interface for different system requirements using typical memory chips(PO3.PO4,PO5) CO4: Using Input/Output data transfer techniques and interfacing chips, design hardware and software for different applications(PO3,PO4,PO5) self-assessment. Students will undergo rigorous training on selected set of courses and will be taking up continuous internal evaluation (CIE) tests given by the course instructor and semester end examination (SEE) conducted at institution level comprising of both internal and external evaluators. The following section indicates the attainment of POs through COs One of the parameters to measure the attainment of POs is through evaluation of attainment of a predefined set of COs. Each course has defined set of COs that are mapped to the POs and they are used to provide quantitative measurement of how well course outcomes are achieved. The correlation between POs and COs for two courses is shown Table 3 and Table 4 . The CO mapping is done quantitatively and mapping matrix is made available in the course syllabi. Meeting the COs by the process of evaluation through examination system is a clear benchmark for attainment of POs. Indirect measurement involves the course-end survey, project based learning assessments, conducting open ended experiments, taking up competitive examination for higher education etc
The attainment procedure has been elaborated in the following sub-section.
A. COAttainment
COs are evaluated based on Continuous Internal Evaluation (CIE) as a direct measure and Course End Survey (CES) as an indirect measure. To explain the procedure adopted for attainment calculation, two courses examples have been considered. The total attainment in terms of the students' performance towards achieving the COs is measured using both direct and indirect assessment tools. The direct assessment involves his performance measures in CIE and SEE.
B. CIE Calculation (i) Case Study Examples
A course work named 'Field Theory' as a core Engineering course in Instrumentation Technology at 2nd year (4th Semester) is considered for CO attainment has a set of COs as indicated earlier in Table 3 . To compute the CIE performance of the student in this course-work, a weightage of 20% has been assigned for each question in each CIE test conducted in a semester. The percentage of students attempted a particular question in a CIE and scoring of number of students who are able to score above 40%, above 60% and above 75% have been considered as scales of measures for attainment (See Appendix 1, 1.2). As seen from Table 3 there is an average attainment of 0.68 on scale of 1 as more than pass percentage contributing towards CO1 and a contribution of 0.3 and 0.24 for greater than 60% and 75% respectively. Since CO1 and CO2 both have contribution for PO1 and PO2 this course outcome computation through CIE has directly affected the PO attainment The Table 6 shows the attainment of COs in another course-work Microcontrollers taken up by the students in the 2nd year of their course. As seen in Table 6 , the rubric developed for direct attainment considers test performance of the students where scoring of 60% of the marks in every question set in the question paper is given a weightage of 50%. Above 75% of the scoring is given weightage of 25%. Below 60% and above 40% is given weightage of another 25%. From the table it is seen that this course contributes with four outcomes to POs where 4 POs have been addressed by these COs (Appendix 1, 1.1) . The results represented clearly indicate that the CO computation of different courses and intern their impact on PO attainment using direct method. It is observed in this study that by devising proper content delivery and assessment mechanisms it is possible to know the outcomes of an Engineering curriculum quantitatively and hence the success of a curriculum design. In this way it seen that the outcome based education provides an opportunity for a student to explore his interests in technical education. The OBE implementation enables him to be able to evolve himself to take up engineering problems addressing the contemporary issues and provide Engineering solution.
4.Attainment of Pos

Example for Direct assessment of Field theory
